Introduction
Of interest are the hydrometeorological characteristics of rainfall and their statistical trends in a particular localized study area of Los Angeles County, California. This study area is shown in Figure 1 . The study area is part of a regional extent shown in Figure 2 .
Rainfall producing wind directions tend to move inwards from the Pacific Ocean towards the mountainous region that extends throughout the region, separating the valley area of Los Angeles from an arid region shown in the upper right portion of Figure 2 . An analysis of the topography shows that the mountainous extent blocks inwards flowing moisture, causing orographic uplift, except for two topographic depressions, shown in Figure 3 .
The easterly topographic depression is characterized by significantly lower rainfalls then the surrounding area (rainfall trough), a trend that is shown in both the National Weather Service (NWS) National Oceanographic and Atmospheric Administration (NOAA) and the Los Angeles County (LAC) publications; namely, the NOAA Atlas 2 (1973) (DWR). Because of the rainfall trough, statistical estimates of return frequencies of rainfall in the study area are complex, and consequently, the various considered three agency estimations of rainfall trends differ in the study area. In this paper, these various analyses are compared and difference is assessed, and possible explanations are suggested as to the underpinnings of these differences in statistical estimates of rainfall.
All three sources of rainfall return frequency estimates developed their respective results using the pool of rain gage information sets for the rain gages located within or in the vicinity of the study area. A summary of the rain gage characteristics available for the study area is provided in Table 1 . Figure 5 provides a display of the assembled rain gages relevant to the study area regardless of source or operating agency.
NOAA Publications
For the study region, two NOAA Atlas publications are available, dated 1973 [1] and 2011 [2] . These publications provide rainfall return frequency estimates for various peak durations throughout large regions of the southwest United States, including the study area. The OAA statistical analysis is based upon the Generalized Extreme Value (GEV) distribution, where statistical parameters are estimated regionally using rainfall gages located within the region shown in Figure 5. Figures 6(a) and (b) display the rainfall gages which were used in the most recent NOAA publication and are relevant to the study area. Table 2 indicates which rain gages considered in this paper were also considered in the NOAA 2011 publication.
DWR Publications
The DWR rainfall statistical analysis is based upon the Pearson Type III distribution. Like the NOAA analysis, some of the statistical parameters are estimated on a regional basis by use of all rain gages located within a selected region. Figures 7(a) and (b) display the gages onsidered in the DWR analysis and the study area for c Table 2 indicates which rain gages considered in this paper were also considered in the DWR rainfall analysis. The DWR updates their analysis frequently, with their most current information through 2010 available upon request [4] .
LAC Hydrology Manual
The County of Los Angeles (LAC), California provides rainfall statistical estimates (in isohyetal map form) for the 50-year 24-hour peak duration throughout the 4083 square mile area of the County. The LAC also operates a network of rain gages and these gages are shown in the vicinity of this paper's study area in Figures 8(a) and (b) . Two versions of the Hydrology Manual are considered herein; namely, 1991 [5] and 2006 [6] . The County also published a report in 1997 [7] , titled Rainfall Frequency Analysis Report, which gives additional estimates of return frequencies at selected gages, chosen by the County, rather than generalized isohyetals such as shown in the hydrology manuals. Six of the County's selected gages re located within the target study area. a 
Comparison of Return Frequency Rainfalls for Various Peak Durations
Because the LAC Hydrology Manual only provides procedures for estimation of the peak 24-hour duration, and for the 50-year return frequency rainfall (the LAC Design Storm), this statistical estimate can be compared with the other publications considered. The LAC Hydrology Manual also provides an estimate for a four day 50-year return frequency rainfall as a fixed proportion of the peak 24-hour duration 50-year return frequency rainfall. Table 2 shows which gages within the study area were used by each agency in their analysis. A comparison between procedures, different dates of publication, and different data sources, all for the same study area, is provided in Tables 3 and 4 , including the LAC 1997 [7] publication titled Rainfall Frequency Analysis Report.
From Tables 3 and 4, several observations are made:
1) The NOAA Atlas estimates for the considered peak durations and return frequencies are generally similar, for the study area, even though there are approximately 38 years between rainfall data analysis;
2) The DWR estimates also indicate a close similarity between the two dates of available analysis, with approximately 7 years between analyses;
3) The LAC Hydrology Manual estimates show a considerable change in rainfall estimates with approximately 15 years between analyses.
4) The change observed in the LAC Hydrology Manual for the study area indicates a significant reduction in rainfall return frequency estimates. Such a change is not observed in either of the DWR or NOAA publications.
Discussion of Results
In this paper, a comparison is made of seven sources of information prepared during the last several decades that deals with the important topic of estimating rainfall quantities for various return frequencies. The study area under examination is the vicinity surrounding the City of Santa Clarita which is located near Los Angeles, California. The study area is exposed to coastal winds and moisture from the Pacific Ocean from the westerly and southwesterly directions, and is bordered to the north and northeast by a mountainous region that surrounds the entire northeasterly extent of the region, except for two canyon locations that are topographically low and connect the study region to the desert area located past the mountainous region. As a result of the topography, significant orographic effects are evident in the available rain gage data. However, within the local vicinity of the two topographic lows, rainfall data demonstrate significantly less orographic effects than observed in the other rain gages within the study area. Because of the significant orographic effects and variations in topography within the study area, significant variations in rainfall quantities are observed, resulting in a challenging situation in the analysis and estimation of peak duration rainfall quantities and their respective return frequency estimates.
Comparison of the said seven sources of estimates for rainfall return frequency, developed by three climatology agencies (NOAA, State of California DWR, LAC), show significant differences between agency estimates and also differences in updated reports by the individual agencies. Particularly, information from the NOAA 1973 and more recent 2011 Rainfall Atlases show minor variation in return frequency rainfall estimates, as also is the case with the State of California DWR estimates, but significant decrease in rainfall estimates is seen in the LAC publications. Furthermore, similarity is observed between the NOAA and DWR publication results, but significant difference is seen between the LAC and the said other two agencies. Finally, significant difference is seen between the LAC rainfall isohyetal mapping and the associated LAC report for the same region under study.
In the tabulations of Tables 3 and 4 , and in the rain gage location plots of rain gages located within the Study Area (seen in Figures 6(b), 7(b) and 8(b) ), it is seen that the LAC analysis utilizes far fewer rain gages within the Study Area than either the DWR or NOAA analysis. Similarly, on a regional scale, the LAC analysis uses far fewer rain gages throughout the region than do the DWR or NOAA analyses. Within the Study Area, there are located only eight gages common to all sources of statistical estimates (the eight gages being the subset of available gages used by the LACHMs). In the LAC 1997 publication, six gages within the Study Area give site specific return frequencies. At each of these six gage locations, values were read from the various isohyetal maps and are compared in Tables 3 and 4 . Consequently, the DWR and NOAA analyses are based upon much larger populations of data than is the LAC analysis. As a result, not only is the LAC analysis based upon a much smaller sample size than the DWR or NOAA analyses, but the detail provided in estimating rainfall return frequency values is less spatially defined by the smaller data set used in the LAC analysis. Consequently, there may be good reason to consider all three analyses when assessing rainfall quantities and associated return frequencies throughout not only the Study Area focused upon in this T. V. HROMADKA II ET AL. 396 paper, but also throughout the LAC region.
Conclusion
An analysis of available rainfall data in a localized study area of Los Angeles, California, is presented. This particular study area is also studied by the State of California Department of Water Resources (DWR), the National Weather Service NOAA, and also the Los Angeles County (LAC) Department of Public Works. All three of these governmental agencies independently analyzed rainfall data and prepared statistical analyses to develop estimates of return frequencies for various peak durations of rainfall. Additionally, these three agencies have prior statistical analyses of the available rainfall data, resulting in updates to their respective published works. Consequently, six different statistical analyses are available for comparison and assessment. In this paper, an examination is made of these six statistical studies and some of the differences between the various analyses are identified. Possible explanations as to the underpinnings of the observed differences between these rainfall statistical results are suggested.
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